Abstract: This paper attempts to assess two interesting issues for two small open economies (Morocco and Tunisia). First, it analyses the historical behaviour of nominal exchange rate, differential price and real exchange rate uncertainties. Second, it investigates the stability of the interaction between exchange volatility and exports in nominal and real terms. Our main results reveal that the effect of differential price volatility on exports exceeds that of nominal exchange rate by a large margin in terms of duration of persistence, ARCH and GARCH effects and intensity of shock. The relationship appears complex. In Morocco, it is negative and significant in 75.82% (as average) of cases in nominal terms and in 77.22% in real terms.
Introduction
The effect of exchange rate uncertainty on trade performance has been and continues to be a keen interest to economists, especially, because in the short run, it is still difficult to identify the reasons behind excessive exchange volatility. Throughout the historical literature, excessive ups and down exchange rate movements have played a critical role on exports (e.g. Bailey et al. (1986) and Koray and Lastrapes (1989) ). Given the attention to this linkage, a considerable literature has been devoted to study it (e.g. Brooks and McKenzie (1997) , Dell'Ariccia (1999) and McKenzie (1999), etc…) .
Some studies have found a negative interaction between currency risk and exports (e.g. Baum et al (2001) , Vergil (2001), etc…) . Others have found positive effects (e.g. De Grauwe (1992) and Achy and Sekkat (2003) , among others). Despite this large strand of literature on the considered issue, the theory upon this relationship varies and there is no clear-cut linkage to be found. Up to now, very few studies advance convincing arguments on the controversial effect of exchange rate uncertainty on trade.
Earlier, to reconcile the mixed results of prior researches, using meta-regression analysis, Coric and Pugh (2008) provide evidence that the effect of exchange volatility on trade is likely to be adverse when measured in real rather than nominal term, when low frequency rather than high frequency variations are considered and when less developed rather than developing countries are considered. Bouoiyour and Selmi (2013) add using the same technique (i.e. meta-analysis) that the effect of exchange volatility on exports performance differs depending to modeling strategies.
Following this viewpoint, we thought to revisit the exchange rate volatility effects on exports performance by carrying out different GARCH specifications to determine the volatility (i.e. symmetrical versus asymmetrical, linear versus nonlinear, with threshold order versus with level shift and with power effect versus component effect, etc…). By doing so, we try to highlight additional explanations of conflicting results widely expected either theoretically or empirically.
Importantly, this paper provides support for the view that in countries which adopt managed float regime, real exchange rate is more affected by the volatile behavior of differential commodity price rather than that of nominal exchange rate 1 .
Hence, the remainder of the paper is structured as follows: Section 2 presents an overview of exchange and trade policies in Morocco and Tunisia. Section 3 presents a recall of the notion of volatility followed by the different measures used in this work. Section 4 derives and develops our strategy to evaluate the link between exchange rate uncertainty and total and sectoral exports in both nominal and real terms.Section 5 is devoted to robustness check k. Section 6 concludes our paper.
Exchange and trade policies in Morocco and Tunisia
Following the demise of the Bretton Woods system in 1973, Morocco and Tunisia have chosen very similar development paths. Indeed, they opted for liberalism since their independence. They also implemented adjustment programs almost at the same time (i.e. mid80s). Then, they signed at the same time a significant association agreement with the European Union in order to create a free trade zone. Regarding our subject, we also note that the two countries have a close exchange policies. Until the early 1980s, these two small open economies maintained the nominal effective exchange rate within a stable band. In 1996, these countries chose to adopt managed float regime to preserve external competitiveness.
Hence, the nominal exchange rate movements were limited in this period (see Figure 1 ).
However, we depict in Figure 2 , a great variability of differential price. This can be explained by the concentration of partners' destination 2 (see Figure 3 ) and the specialization in more volatile products (see Figure 4) , which can ultimately affect the price of commodities a major source of real exchange volatility. that the total exports contributed to the production of GDP with a marked superiority of Tunisia. In that context, it should be added that manufactured products accounted the largest share representing almost 50 percent of overall exports (see Figure 6 ). Dependents strongly to manufacturing and mining exports, Morocco and Tunisia may be potentially influenced by the commodity prices uncertainty.
Despite this similarity worthy observable in terms of exchange and trade policies 3 , the results associated to price competitiveness and economic growth can differ. This creates a need to assess whether exchange policy plays crucial role in providing increase in exporting incentives in Morocco and Tunisia.
The notion of exchange volatility

Definition
A large strand of literature define exchange volatility as the absolute percentage of changes in exchange rates or the moving average standard deviation of the exchange growth rate; For example, Bailey et al. (1986 ), Chowdhury (1993 and Dell'Ariccia (1999) , among others. Theoretically, these models may ignore the information on stochastic processes through which exchange rates are generated.
Statistically, financial markets data often exhibit volatility clustering, where time series show periods of high volatility and periods of low volatility. In fact, time-varying volatility is more common than constant volatility. In that context, GARCH extensions are considered more appropriate to define volatility (e.g. Bollerslev et al. 1993 ). These models are very useful for describing the volatility of the conditional variance by taking into account the characteristics of series using the past errors in estimates.
While a variety of exchange rate volatility measures have been used in the empirical literature (e.g. McKenzie (1998) , Nabli and Varoudakis (2002), Sandikov et al. (2004) , etc…), there is still no consensus on which measure is the most appropriate.
In this study, we perform robustness check using 2880 GARCH extensions 4 in order to choose the best model able to determine the volatility of nominal exchange rate, that of 3 For details about exchange rate regimes and trade reforms , see Appendix A. 4 The measures of volatility are reported in Appendix B. We used 17 extensions GARCH. For each specification, we apply 04 combinations ((1,1) ; (1,2) ; (2,1) ; (2,2)), following 03 distributions (Gaussian, Student and GED). For each extension, we apply a few options. Thus, each specification can be zero Mean (u t =0), constant mean (u t = u 0 ) ou in mean (u t = u 0 + u 1 σ t-1 2 ) differential price and that real effective exchange rate. Hence, it is useful to recall that GARCH modeling initiated by Engle (1982) and generalized by Bollerslev (1986) assume that the conditional variance follows an ARMA process. Subsequently, it has undergone a remarkable evolution of GARCH extensions (e.g. Tong (1990) , Nelson (1990) , Ding et al. (1993) and Zakoin (1994) , etc…). The standard GARCH can be written as follows: 
Estimates
Descriptive statistics
and perhaps also with MA term (with moving average process) or without MA term (without moving average process). These models are applied to algorithmic optimizations Maquardt and Berndt-Hall-Hall-Hausman (For more details, see appendices C and D).
5 Nonlinear models are those with function indicator that take the value 1 if the residue of the previous period is negative and 0 otherwise. The conditional variance follows two different processes depending on the sign of the error terms or according to the dynamics of the conditional standard deviation of returns (Threshold). It is piecewise linear functions depending on the sign of the shock (Zakoin, 1994) .
6 Symmetric models were introduced by Engle (1982) and Bollerslev (1986) . The formulation of these extensions GARCH imposes a sensitivity of the risk premium volatility. These models do not take into account cyclical behavior or sudden shocks series that is why they are rather restrictive. Instead, asymmetric models describe the behavior of the conditional variance using good or bad news. The asymmetry of the volatility can be explained, for example, by the intervention of the monetary authorities (Engle, 1990) .
To measure the volatility of nominal exchange rate, differential price and real exchange rate, it seems important to choose the optimal models able to determine the historical behaviors of their uncertainties.
To start, the REER t is constructed by dividing the trade-weighted foreign price level index (P t *) by the corresponding domestic price level index (P t ), after prior conversion to a common numeraire using nominal effective exchange rate (NEER t ).
REER t =NEER t (P t */P t )
Figure 7 allows us to highlight changes in exchange rate in both nominal and real terms that will interest us throughout this study. We clearly observe a large and permanent variability for these variables.
In addition, the results reported in Table 1 reveal that the coefficient of kurtosis is greater than 3 for the exchange rate and the differential price of considered countries, except for the Moroccan REER. This indicates that the distribution is less flattened than the normal in the first cases and inversely in the last one. The skewenss is positive in the case of Morocco across all time series. This shows that the asymmetrical distribution is more plausible in Moroccan case, unlike Tunisia where the skewness is negative, suggesting the effectiveness of symmetrical distribution. Then, the Jarque Bera test reveals a low value for the NEER, (P/P*) and REER, leading to accept the normality hypothesis for these variables.
Then, to confirm the existence of asymmetrical effects on the conditional variance of exchange rates and differential price, we follow Zivot (2008) by determining the correlation between returns and lagged squared returns (see Table 2 ). We note that the correlations between returns and lagged squared returns have a negative values for the NEER, (P/P*) and REER for Moroccan case and positive values for Tunisian case. This indicates the presence of leverage effect in Morocco and its absence in Tunisia.
These results seem unexpected, because Morocco and Tunisia are very close in terms of exchange and trade policies (e.g. Baccouche et al. (2008) and Emmonot and Rey (2008) ).
Remains to check whether these preliminary results are solid and do not change substantively when we move to historical evaluation. . The discrimination function differs from one criterion to other. It should be noted that these criteria are sufficient to judge the quality of our estimates (see Bouoiyour et al. 2012 ).
Historical evaluation
For nominal exchange rate volatility, the best model chosen is the N-GARCH (1, 2)
for Morocco and the GARCH (1, 1) for Tunisia. The specifications chosen to determine the relative commodity prices uncertainty are respectively, P-GARCH (1, 2) for Morocco and T-GARCH (2, 1) for Tunisia. The best models chosen in real terms in Morocco and Tunisia are respectively the E-GARCH (2, 1) and GARCH-M (1, 2)
9
. In Appendix C, we match the Kernel density of selected models. The x-axis shows a positive value of information criteria, larger values mean better options associated with chosen model. This method favors the Gaussian distribution for Morocco and Tunisia, with leverage effect for the first case and its absence for the second case.
Importantly, Table 3 shows that for both economies in question, the duration of persistence, the intensity of shock, the leverage effect and ARCH and GARCH effects of nominal exchange volatility and price differential are less important than real exchange volatility. More precisely, for Morocco, the leverage effect is positive for both nominal and real terms, indicating that bad news have greater impact than good news, but this effect is much more important for the real exchange rate. The effect of a positive shock for the NEER is less important than the REER, and similarly for the negative shock. It is observed that the bad and good news have the same impact on the conditional variance. The persistence of the conditional volatility is important for both cases with less importance for the NEER. The sum of ARCH and GARCH is more important for the REER than the NEER. The REER volatility is more sensitive to the (P/P*) uncertainty than that of NEER in terms of persistence, intensity of shock and ARCH and GARCH effects.
For Tunisia, the duration of persistence and the ARCH and GARCH effects of NEER, (P/P*) and REER are more important than Morocco. This result can not be confirmed with the 8 The criterion of Schwartcz is more parsimonious than that of Akaike since it introduces more parameters in the model. absence of asymmetrical effect in the model chosen to measure the Tunisian exchange uncertainty. But testing the same models for both countries, we show the same result, i.e.
Tunisian volatility is more persistent. Thus, the conditional variance of nominal exchange rate behaves better than that of the real exchange rate. Figure 8 confirms the more volatile behavior of the real exchange rate than the nominal exchange rate and in Tunisia than in Morocco.
Therefore, the historical evaluation of exchange rate volatility in nominal and real terms confirms our preliminary analysis. Remains hereafter to be seen whether the linkage between exchange volatility and exports in Morocco and Tunisia vary depending to the duration of persistence, intensity of the shock, leverage effect and ARCH and GARCH effects associated to exchange uncertainty. To do so, we explore a vast array of regressors.
Estimates of the linkage between exchange volatility, relative commodity price uncertainty and exports
Most of the studies on the effect of exchange volatility and trade performance assume that the correlation between these two variables is consistently ambiguous but with magnitude Where ξ t and ξ' t are the error terms.
-The logarithm of nominal and real effective exchange rates, respectively, noted NEER and REER. There is no a priori reason that a variability of REER matches exactly that of the NEER, especially because the REER depends on both nominal exchange rate and relative commodity prices
10
. Following our export function specification, the domestic and foreign commodity price indices are producer prices 11 .
-The logarithm of the volatility in nominal and real terms, approximated respectively by the volatility of nominal exchange rate (VOLN) and that of real effective exchange rate (VOLR).
Exchange volatility is determined using optimal GARCH model chosen by information criteria. According to Nabli et al. (2004) and Egert and Zumaquero (2007), exchange volatility increase the degree of uncertainty in terms of export competitiveness and can have an ambiguous effect depending to the sector of exports.
-The volatility of differential price (Ln (P/P*)) is determined using the optimal GARCH specification selected by information criteria and Kernel density. The differential price uncertainty dampens trade performance and can almost disrupt the trajectory of exports in primary producing countries (e.g. Blattman et al. (2007) and Arezki et al. (2011)).
-The logarithm of (X) presents control variables. We chose as explanatory variables the national GDP and the GDP of trade partners which have a pulling role in exports (e.g. Nabli 10 It presents the differential between national commodity prices and foreign commodity prices.
11 Some studies use consumer prices, but according to Egert and Zumaquero (2007) , this index contains administered prices, indirect taxes and imported products, which can not reflect exactly the effect of relative commodity price on exports.
12 It is obvious that exporters need a delay to adjust their prices.
Total of exports
Our results summarized in Our results show that overall exports is more affected by exchange volatility in Tunisia than in Morocco, i.e. an increase by 10% in exchange rate volatility reduces
Moroccan exports by 1.47% and increase of Tunisian exports by 5.70%. By subtracting the energy exports from the total of exports, we show a negative interaction between the considered series, implying that the relationship between exchange volatility and Tunisian exports is sensitive to the changes in oil prices, which is not the case for Morocco. Not surprisingly, the lack of sensitivity towards the subtraction of the energy sector from the Moroccan total exports is intensely due to the low proportion of these products in the global exports of this country (see Figure 4 ).
In addition, we observe clearly that an increase by 10% of nominal exchange volatility prompts a drop in nominal exports by 1.78% in Morocco and 4.43% in Tunisia. We notice also that the effect of differential price on exports is always stronger than that of nominal exchange rate, i.e. an increase in 10% of differential price uncertainty yields to a decrease in nominal exports by 3.20% in Morocco and by 5.85% in Tunisian case.
Besides, the effect of foreign exchange and differential price uncertainties on the total of exports has increased with the introduction of structural breakpoints
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. We find also that the Moroccan and Tunisian GDP explain the competitiveness of exports more than the GDP of their importing countries, which means that the domestic production of these countries is less important than the foreign addressed demand. This result is heavily expected because the problem in these countries is their inability to meet external demand. More precisely, in
Morocco and Tunisia, the domestic demand plays an important role as determinants of exports. Conversely, the foreign demand has a minor role in determining exports performance. We attribute this intensely to the weakness of production capacity (e.g.
Baccouche et al. 2008).
Manufacturing sector
Despite the competitiveness of manufacturing sector on the total of exports in both
Morocco and Tunisia (e.g. Sekkat, 2012), we find a negative and significant effect of volatility on manufactured exports for Moroccan case, which implies that the companies specialized in manufactured products would not be able to modify its inputs optimally to adapt excessive exchange volatility. However, this relationship is positive and significant for Tunisia. As total exports, we thought to subtract energy's share. This causes a change in signs (See Table5) . That is to say, an increase by 10% in real exchange volatility leads to a decrease of the level of manufacturing exports by 3.14% in Morocco and an increase by 4.72% in Tunisia. For this last country, a subtraction of the energy share implies a decrease in manufacturing exports by 3.3%. Interestingly, the effect of differential price volatility on nominal exports still more important than that of nominal exchange rate and for Tunisia than Morocco. Introducing the dummy variable of economic crisis, the linkage between exchange volatility and exports becomes stronger.
13 The structural break corresponds to a dummy variable, noted DV, representing the economic crisis which takes the value 0 before the economic crisis, i.e. before the second quarter of 2008 and 1 for the period with higher volatility assumed after the economic crisis.
Agricultural sector
Many empirical studies have been conducted on the effect of commodity price and exhange rate volatilities on sectoral trade, in particular, agriculture (e.g. Maskus (1986),
Latrapes and Koray (1990), Kumar and Dhawan (1991) , etc…). Accordingly, Kwanashie et al. (1994) argue that a depreciation of the effective exchange rate leads to an increase of agricultural prices of exports and boost of domestic production. Our results don't support this finding revealing a positive and insignificant interaction between the two variables (see Table   6 ). This result is expected because it seems normal that agriculture's exporters have a neutral attitude to exchange uncertainty since there are perishable products.
Mining sector
Our results indicate that mining sector is negatively affected by the volatility of exchange rate in both nominal and in real terms, i.e. an appreciation by 10% in exchange rate volatility affects the flows of mining trade leading to a drop of exports by 7.30% in Morocco and by 4.73% in Tunisia (see Table 7 ). This can be explained by the fact that the relationship between exchange volatility and mining sector is highly correlated with the international prices of mining and phosphates (e.g. Varangis et al. 2004 ). We note also that the impact of differential price volatility on exports still more intense than that of nominal exchange rate.
Additionally, all the coefficients associated to exchange rate uncertainty either in nominal or in real terms appear small and quite comparable to those associated to other sectors. This is mainly due, based on the works of Bouoiyour and Rey (2005) and Bouoiyour and Selmi (2013) to the high degree of competitiveness associated to this sector in both countries.
Energy sector
Highly fluctuations of the crude of oil and its impact on exchange rate have rekindled various questions regarding the dynamic behavior of exchange rate after changes in oil price (e.g. Bénassy et al. (2005) and Coudert et al. (2008) ). In our paper, we evaluate only the relationship between exchange rate volatility and energy sector in Tunisian case, as the share associated of Moroccan energy exports is very low (see Figure 3) . We find that this linkage is positive and statistically significant. More precisely, an increase by 10% in real exchange rate volatility leads to an increase by 4.73% in energy exports (see Table 8 ). The effect of nominal exchange uncertainty is negative and minor comparable to that of differential price. This finding may be intensely attributable the lack of a rough guidance about how exchange policy should cope with oil price uncertainty.
Robustness check
In this study, we performed 2880 estimates based on different GARCH extensions (linear versus nonlinear, symmetrical versus asymmetrical). These specifications follow various distributions (Gauss, Student, GED), can be zero mean, constant mean or in mean, with moving average term or without it and based on Maquardt or Berndt-Hall-Hall-Hausman algorithmic optimizations. Our results were given for only the best models.
To avoid overloading of our presentation, we thought that it is not crucial to present the results of mining, agricultural and energy sectors and to concentrate only on those of total exports and manufacturing sector. The results summarized in Table 9 reveal that: . Almost similarly for manufacturing sector.
(ii) For Tunisia (after subtracting energy's share), in 83.33% of cases, the nominal exchange risk has a negative and significant impact on overall exports 17 . In 88.44% of cases for the relative price uncertainty and in 89.99% for the real exchange volatility. As Morocco, the manufacturing sector in Tunisia is characterized by average effects of VOLN, VOL (P/P*) and VOLR almost equal to those of total exports. Not surprisingly, this finding may be due to the large share of this sector in the total of exports.
Conclusion
The objective of this study is twofold: First, to choose the best model able to determine the volatility of nominal exchange rate, differential price and real exchange rate of Morocco and Tunisia. Second, to regress total and sectoral exports on exchange volatility in both nominal and real terms and other variables expected to influence trade performance.
It appears from our results interesting insights:
The nominal exchange rate is less volatile than that of differential commodity price and real exchange rate with regard to the duration of persistence, the intensity of shock, the leverage effect (i.e. sign of innovations) and ARCH and GARCH effects and their effects then on total and sectoral exports are minor.
(ii) The share of energy in total and manufacturing exports can occur an inverse effect of exchange volatility.
(iii) The effect of exchange volatility on exports depends to structural breaks. This result does not change depending to sector-to-sector variation.
These findings are robust according to the different specifications used. Interestingly, if we estimate exchange volatility-exports relationship using the naïve models (i.e. average absolute deviation and moving average absolute deviation), the association (not reported here) still robust and stable. In a nutshell, our results make an intuitive contribution. We show that the study-to-study variation on the focal relationship is mainly attributable to sectors' specialization, asymmetries and structural breaks in volatility process. Thus and to the extent that exchange rate and commodity price uncertainties are costly, a harder implication here is whether Moroccan and Tunisian policymakers should attempt to mitigate their effects on trade performance.
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